Objective: To compare the effects of raloxifene and placebo on body composition and muscle strength. Design: Randomized, double-blind, placebo-controlled trial involving 198 healthy women aged 70 years or older conducted between July 2003 and January 2008 at the University Medical Centre, Utrecht, The Netherlands. Methods: Participants were randomly assigned to receive raloxifene 60 mg or placebo daily for 12 months. Measurements were taken at baseline, 3, 6, and 12 months, and change from baseline was calculated. Main outcome measures were body composition (bioelectrical impedance analysis), muscle strength, and muscle power (maximum voluntary isometric knee extension strength, explosive leg extensor power, and handgrip strength). Results: At 12 months, the body composition of women taking raloxifene was significantly different from that of women taking placebo: fat-free mass (FFM) had increased by a mean of 0.83 (2.4) kg in the raloxifene group versus 0.03 (1.5) kg in the placebo group (PZ0.05), and total body water had increased by a mean of 0.6 (1.8) litres in the raloxifene group versus a decrease of 0.06 (1.1) litres in the placebo group (PZ0.02). Muscle strength and power were not significantly different. Conclusion: Raloxifene significantly changed body composition (increased FFM; increased water content) compared with placebo in postmenopausal women.
Introduction
Gonadal hormone production decreases during the menopause, leading to changes in body composition, such as a decrease in fat-free mass (FFM) and muscle strength (1, 2) . The menopause-related decrease in FFM is ascribed to several factors, namely, estrogen and/or progesterone deficiency, changes in muscle and/or adipose tissue metabolism, modification of eating behaviour, modification of lifestyle, environmental factors, genetic predisposition, and reduction in energy expenditure (3) . The decrease in FFM and muscle strength often results in diminished mobility and functionality and in more falls.
Hormone therapy prevents the postmenopausal loss of bone and change in body composition (4) . Studies have shown that hormone replacement therapy (HRT) prevents the shift in body fat distribution to a more central location (5) (6) (7) and diminishes the loss of muscle strength (8) (9) (10) (11) (12) (13) (14) (15) . Unfortunately, HRT use is accompanied by adverse side effects, such as an increased risk of breast cancer and cardiovascular disease (16) , and for this reason its long-term use is not advocated.
A different type of therapy is with selective estrogen receptor modulators, such as raloxifene. Raloxifene acts as an estrogen agonist on the arterial vasculature, bone, and lipid metabolism and as an estrogen antagonist on the breast and uterus (17, 18) . To our knowledge, few studies have investigated the effect of raloxifene on body composition (19, 20) , and none has investigated the effect of raloxifene on muscle strength. We conducted a randomized, double-blind, placebo-controlled trial to assess the effects of raloxifene on body composition and muscle strength and power in elderly women.
Methods
This randomized, double-blind, placebo-controlled study was part of a larger study, the details of which have been published previously (21) . The institutional review board of the University Medical Centre Utrecht approved the study protocol and all participants provided written informed consent. The study was conducted from July 2003 to January 2008.
Participants
Most women were recruited by means of direct mailing to women aged 70-80 years old whose addresses were selected by the municipal register of five cities in the province of Utrecht. Women were sent a letter explaining the study and a short questionnaire to collect demographic details. Of the women who returned the questionnaire, those who were considered potentially eligible for inclusion were invited to come for a screening visit. If they fitted the inclusion and exclusion criteria, they were randomized after giving informed consent.
Inclusion criteria were good health, age 70 years or older, and body mass index (BMI) between 18 and 35 kg/m 2 . Exclusion criteria were steroid therapy or other drugs affecting muscle mass taken during the last 6 months; history or presence of any malignancy; undiagnosed abnormal vaginal bleeding in the past year; presence or history of endometrial hyperplasia with or without atypia; presence or history of cardiovascular, cerebrovascular, or thromboembolic disorders; current liver or renal disease or history of this condition; uncontrolled hypertension (systolic blood pressure R170 mmHg systolic and/or diastolic blood pressure R105 mmHg); osteoporosis: Z-score !K2; bone disease other than osteoporosis such as Paget's disease, osteomalacia, or bone metastases; alcohol abuse (average intake of more than four alcohol-containing units per day); smoking more than ten cigarettes/day; use of sex hormones, corticosteroids, insulin, anticoagulants, or enzyme-inducing drugs; treatment with raloxifene within the last 6 months; known hypersensitivity to raloxifene; presence of any condition, concomitant disease, intercurrent illness, or resultant therapy that would interfere either with the participants' compliance or with the results of the study and/or their evaluation; major problems with locomotion; cognitive impairment (mini mental state examination, MMSE !24); and participation in another study.
Measurements
The following parameters were studied:
Body composition Body composition was measured by a bioelectrical impedance analyzer (BIA), a commonly used valid and sensitive method (22) (23) (24) . Bioelectrical impedance measurement is an indirect method and based on the two compartment model. In the twocompartment model, the body is divided into two distinct compartments: body fat and FFM. The principle of BIA is that FFM, which mainly consists of electrolytecontaining water, readily conducts an applied current, whereas fat does not or only does minimally. BIA determines the electrical impedance, which can then be used to calculate an estimate of total body water (TBW). TBW can be used to estimate fat-free body mass and difference with body weight and body fat. The reproducibility in measuring TBW and FFM will approximate the 0.99 test-retest correlation (25) (26) (27) . The sensitivity of BIA has been proven to be accurate in long-term studies (25, 28) . These studies had significant correlations to dual X-ray absorptiometry and total body isotope counting (K40).
Bioelectrical impedance measurements were taken on the right side of the body using a tetrapolar BIA 101 impedance analyzer (RJL Systems, Detroit, MI, USA). A current of 800 mA at a signal frequency of 50 Hz was generated by a BIA, and was applied to the subject through electrodes that were placed on the wrist and the ankle on one side of the body. All measurements were taken with the participant supine, the arms relaxed at the sides but not touching the body, and thighs separated (29) .
Muscle strength and muscle power Maximum voluntary isometric knee extension strength (both legs) was measured as the force applied at the ankle, with the subject seated in an adjustable straight back chair, the lower leg unsupported, and the knee flexed to 90 8. Force was measured with a strain gauge and recorded with a strain meter five to maximally seven times, and the highest score was used (30, 31) .
Explosive leg extensor power (both legs) was assessed with the Nottingham Power Rig. The subject, in a seated position with folded arms, gave a maximal push to a large foot pedal that set a flywheel in motion. The initial flywheel speed reflects the leg extensor power of the subject (32) . The measurement was repeated maximally ten times, and the highest score was used.
Handgrip strength (both hands), which is associated with general muscle strength, was measured with a handgrip mechanical dynamometer (33) . The best of minimally three and maximally seven attempts for each hand was recorded.
Compliance Drug compliance was checked by counting the number of tablets in the returned blister packs and cartons. Subjects could continue the trial if fewer than 6 days of trial medication was missed in 4 weeks.
Statistical analysis
Effects were determined as the change from baseline for the two intervention groups at 3, 6, or 12 months. Descriptive statistics were calculated for all variables. Repeated measurement analyses for 3, 6, and 12 months were performed on an intention-to-treat basis.
Results
In total, 198 women started treatment after randomization (raloxifene nZ101, placebo nZ97; Fig. 1 ). There were no significant differences between the groups at baseline (Table 1) . Habitual physical activity was measured at baseline, 3, 6, and 12 months, and physical activity was the same in both groups. Compliance was comparable in both groups, being 96.7% in the placebo group and 96.5% in the raloxifene group at 12 months. Total dropout was 33.0% in the placebo group and 34.7% in the raloxifene group. Most dropouts occurred between baseline and the 3-month follow-up (raloxifene 17.8%, placebo 17.5%). Reasons for dropout are represented in the flowchart (Fig. 1) .
Serious adverse events were reported seven times in the placebo group and three times in the raloxifene group. Leg cramps (1-10%) and flushing (O10%), recognized side effects of raloxifene, were mainly reported in the raloxifene group.
Body composition
Repeated measurement analysis showed there to be a significant increase in FFM at 3, 6, and 12 months in the raloxifene group (PZ0.05) as well as an increase in TBW (PZ0.02; Table 2 ). At 12 months, the mean increase in FFM was 0.83 (2.4) kg in the raloxifene group compared with 0.03 (1.5) kg in the placebo group (PZ0.05), and the mean increase in TBW was 0.6 (1.8) litres compared with a decrease of 0.06 (1.1) litres in the placebo group (PZ0.02).
There were no significant differences in weight, BMI, and fat-mass (FM).
Muscle strength and muscle power
There were no significant differences in muscle strength and muscle power (maximum voluntary isometric knee extension strength, explosive leg extensor power, and handgrip strength) between the two groups ( Table 3) .
Discussion
In this randomized placebo-controlled trial, we investigated the effect of 1 year of raloxifene treatment on body composition and muscle strength in a group of elderly women. Raloxifene affected body composition, significantly increasing the FFM and the TBW content compared with placebo. In contrast, raloxifene did not significantly affect FM, weight, BMI, or muscle strength and power.
Menopause is associated with significant hormonal and metabolic changes. There is an important decrease of the concentration in estrogens and there are changes of body composition. Both body weight and body fat distribution increase with a shift toward an android distribution, and there is a decrease in FFM. It is unclear whether the commonly observed postmenopausal changes of body composition are related entirely to ageing or are accelerated by estrogen deficiency (34) . This is important because body FM and its distribution correlate with risks of coronary artery disease (5) and certain cancers (35) , while lean body mass is associated with muscle strength, which correlates with the prevention of falls, frailty, and disability (36) .
In our study, we found an increase in the FFM after supplementation with raloxifene, which could be partly explained by the increase in the TBW content, a known effect of raloxifene supplementation. However, the increase in the TBW content could not explain the Table 2 Body composition at 3, 6, and 12 months (repeated measurement analysis). whole increase in the FFM, and also the amount of physical activity was comparable between both groups during the study. This means that there is also a real change in body composition with an increase in lean body mass. The results of our study are comparable with some other studies, but in most of these studies there were problems with the design of the study (no blinding, no placebo group, too small groups, and a too short intervention period).
Change versus baseline
In a previously performed prospective, randomized, controlled, and open-label clinical study, raloxifene was found to significantly promote the shift from android to gynoid fat distribution and to prevent the uptrend of abdominal adiposity and body weight compared with untreated women (37) . Another study in postmenopausal women compared the effects of raloxifene (60 mg/day), tibolone (2.5 mg/day), and 'no therapy' on body composition over a 12-month period. While there was no significant change in FM or FFM in the raloxifene group, there was an increase in total FM and FM at the trunk in the no therapy group. The authors concluded that raloxifene seemed to prevent postmenopausal changes in body composition. However, this prospective, randomized controlled study did not have a double-blind, placebo-controlled design, in contrast to our study. Also, the groups were very small, with 21 women in the untreated group and 24 women in the raloxifene group (19) .
The increase in FFM was not accompanied by an increase in muscle strength and muscle power in our study. Muscle strength is a key factor in maintaining independence in elderly people. There are no other studies concerning raloxifene and muscle strength or power. Studies concerning HRT (estrogen and progestagens) show conflicting results: two randomized controlled trials with no effect (38, 39) and three randomized controlled trials with significant increase in muscle strength (11) (12) (13) .
Our randomized, double-blind, placebo-controlled study had the advantages of a sufficient number of participants and a 12-month study period with four assessment times. The dropout rate of around 30% was similar to that reported previously in a study in osteopenic women of comparable age (40) , which suggests that this may be a consequence of the older age of the participants.
In summary, in this randomized, double-blind, placebo-controlled trial, 1 year of raloxifene treatment led to a significant change in body composition, with an increase in FFM and TBW, in late postmenopausal women. Long-term use of raloxifene may prevent the reduction in FFM, usually seen in postmenopause. Muscle strength and power were not affected. The clinical impact of this finding warrants further research.
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